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Drought is one of the most widespread stress factors adversely affecting plant growth, crop yield and quality. In 
Subtropical region, on the face of global warming, temperature extremes aggravate the negative effects of drought. 
Increased resistance to stress has been achieved in several plants by exogenous application of various organic 
osmoprotectants. In this study, the role of glycine betaine (GB) as exogenous application, is aimed to investigate for 
increasing grapevine stress tolerance to drought. The grapevines of Alphonse Lavalléeʼ cultivar, grafted on the rootstock 
41 B, were subjected to four different applications; (1) full irrigation (FI) as control (irrigation at ﬁeld capacity level), (2) 
deﬁcit irrigation (DI, 50% of FI), (3) DI plus 5000 ppm GB pulverization, and (4) DI plus 10000 ppm GB pulverization in 
a pot experiment under glasshouse condition. Leaf fresh weight of vines subjected to DI was 31.8% lower than those of 
FI vines. GB appeared to exert an inﬂuence on leaf water statute, slightly alleviating the leaf water loss resulting from 
water shortage. GB treatments, regardless of the concentration, slightly increased the fresh weight of the leaves (22.2% 
lower than FI). Investigations on leaf turgid weight and dry weight were also similar to those of fresh weight in that the 
highest and the lowest values were determined in FI and DI applications, respectively. Reduction in shoot water content  
in response to water deﬁcit was closely related to the decrease in leaf water content.
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Environmental stress factors such as drought, 
temperature extremes, salinity,  nutrient 
imbalances adversely affect plant growth, crop 
yield and quality. Less than 10% of the world's 
arable lands is estimated to be free of such major 
environmental stresses [1]. Drought and salinity 
stresses are the most widespread stress factors [2, 
3]. Around 45% of the world agricultural lands are 
subject to continuous or frequent drought [4]. Low 
precipitation, high surface evaporation, using 
saline water in irrigation and improper cultural 
practices are among the major contributors to the 
decreasing yield. 
Temperature extremes aggravate the negative 
effects of other stresses, including drought and 
salinity, on agricultural production and quality of 
commodities. Fischer and Byerlee [5], for 
instance, indicated that heat stress adversely 
affects grain yield and quality in 40% of the 
irrigated wheat growing area of the world. On the 
other hand, global warming is an increasing 
environmental issue with its differential effects on 
plants according to the regions. It is envisaged that 
developing countries will be affected to a greater 
extent, thereby resulting in increased food 
insecurity therein [6].
Plant tolerance to abiotic stresses is a complex 
physiology due to the complexity of interactions 
between stress factors and various molecular, 
biochemical and physiological phenomena 
affecting plant growth. Development of plants 
tolerant to environmental stresses is proven as a 
promising approach, which may aid to satisfy 
growing food demands of the world. Such 
challenge necessitates knowledge of the genetic 
controls and physiological mechanisms of the 
contributing traits at certain developmental stages 
of plant. Stress factors may provoke osmotic stress 
and protein denaturation in plants, leading to 
cellular adaptive responses such as accumulation 
of compatible solutes and induction of stress 
proteins [7]. 
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Over synthesis of organic solutes to protect 
plants from stress, is one of the most common 
stress responses in plants [8]. These solutes, 
referred to osmoprotectants, protect cellular 
components from dehydration injury. These 
protectants include proline, polyols, sucrose, 
trehalose and quaternary ammonium compounds 
such as glycine betaine, alaninebetaine, 
p r o l i n e b e t a i n e ,  c h o l i n e  O - s u l f a t e , 
hydroxyprolinebetaine, and pipecolatebetaine [9]. 
Increased resistance to abiotic stresses has been 
achieved in several plants by exogenous 
application of various organic osmoprotectants. In 
spite of this fact, however, this approach in 
v i t i cu l tu re  has  no t  r ece ived  su fﬁc ien t 
consideration in the literature [10]. For this reason, 
in this study, the role of glycine betaine as 
exogenous application, is aimed to investigate for 
increasing grapevine stress tolerance, in particular 
in response to drought.
Study Design
The study was performed in the controlled 
glasshouse of Selcuk University, Konya, Turkey. 
The vines of 'Alphonse Lavalléeʼ table grapevine 
cultivar was grown on the rootstock 41 B in pots 
containing equal mixture of peat and perlite. The 
exper iment  consis ted  of  four  d i fferent 
applications; (1) full irrigation (FI) as control 
(irrigation at ﬁeld capacity level), (2) deﬁcit 
irrigation (DI, 50% of FI), (3) DI plus 5000 ppm 
glycine betaine (GB) treatment, and (4) DI plus 
10000 ppm glycine betaine (GB) treatment. The 
experimental vines were spur pruned to leave 4 or 
5 cane with a total of 8 or 10 buds per vine. The 
shoots were tied with thread to wires 2.3 m above 
the pots to let plants grow on a perpendicular 
position to ensure similar cultural practices [11]. 
The vines received the same annual amount of 
fertilizer (approx. 30 g N, 18 g P, 30 kg K, and 
micro elements per vine) from April to August.
Experimental Condition 
To determine the required volume of irrigation 
water, similar pots ﬁlled with growth medium 
were placed in large plastic buckets and irrigated 
with a known volume of water, and then kept for 
seven hours to attain ﬁeld capacity. Afterwards, 
the drained water was measured and subtracted 
from the total volume of water applied. The value 
obtained (mean of three pots) was considered as 
optimum to keep the soil moisture at ﬁeld capacity. 
Each pot-grown vine was given 0.8-1.5 L every 
day [12]. This amount was considered as the 
volume of the irrigation water that has to be used to 
attain 100% ﬁeld capacity (FI). Fifty percentage 
amount of FI was considered as DI [13]. 
Irrigations were regulated according to soil water 
matric potential (Ψm) levels using tensiometers 
(The Irrometer Company, Riverside, CA) placed 
at a depth of 20 cm (about rooting depth) and 
approximately 12 cm from the trunk and were 
applied from bud break (early March) to the end of 
vegetation period (beginning of October). Soil 
tensiometers (irrometer) were employed for a 
more realistic expression of soil water depletion in 
terms of Ψm following the slightly modiﬁed 
procedure described by Myburgh and van der Walt 
[14]. Changes in Ψm were continuously 
monitored with daily readings at around 13:00 pm 
as well as before and after irrigations [15]. To 
ensure the uniformity, the water was applied via 
drip systems. Repeated readings during several 
days showed that the tensiometers readings at 
midday (13.00 pm) were constantly around 0.8–14 
cb and 30–38 cb for FI and DI conditions, 
respectively. For DI, irrigation was started around 
32-34 cb and was terminated when the calculated 
amount of water was applied. The start value of 
irrigation system for FI group vines were adjusted 
to around 10±2 cb to ensure that the full water 
amount of ﬁeld capacity is provided. Relatively 
higher air temperature in the glasshouse was also 
performed to simulate the typical semi-arid 
Mediterranean climate. During vegetation periods 
(March-October) for two experimental years, 
daily air temperature and relative humidity, 
recorded using data logger (Ebro EBI 20 TH1) 
inside the glasshouse, were 22–40°C and 28–65%, 
respectively. During the hot and dry summers for 
both years (from the beginning of June to 
September), excessive heat accumulation in 
glasshouse was avoided by opening the roof and 
sidewall windows as well as slight whitewash 
painting (providing approx. 15-20% natural light 
reﬂection) to keep clusters and young leaves from 
burning. 
 Leaf  Mass and Leaf Relative Water 
Content (LRWC) 
LRWC were investigated on fully expanded 
leaves of experimental grapevines of each 
treatment [16]. Fifteen sun-exposed transpiring 
leaves per treatment were sampled early in the 
morning and immediately weighed to obtain fresh 
weight. To investigate the relative water content 
(RWC) of the mature leaves, the freshly sampled 
leaves were rehydrated by submerging in 
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MATERIALS AND METHODS 
deionized water for 24 h in dark to obtain turgid 
weight [17]. Measurements were performed after 
gently wiping the water from the leaf surface with 
soft tissue paper. At the end of rehydration period, 
leaf samples were weighed to obtain ﬁnal turgid 
mass (TM) and then placed in an oven at 70°C for 
48 h in order to found the dry mass (DM). All the 
mass measurements were made using an analytical 
scale, with precision of 0.001 g. Values of FM, 
TM, and DM were used to calculate RWC, using 
the equation suggested for leaf by Weatherley 
[18]: 
 
     LRWC (%) = [(FM – DM)/(TM – DM)] * 100
Summer Shoot Features 
Summer shoot features such as shoot relative 
water content (SRWC), shoot and pith diameters 
were investigated in the late summer period when 
the shoot growth was approaching to cessation. 
Shoot features was determined using a total of 
ﬁfteen samples per a plot consisted of shoot pieces 
from upper, middle and lower parts  by cutting ca. 
50 mm shoot lengths with a bud in its center. Mean 
value of upper, middle and lower shoot parts was 
calculated. Fresh and dry masses of each pieces 
were attained using the same procedure followed 
in the leaves. SRWC was calculated as the 
percentage water loss using the following equation 
suggested for leaf by Myburgh and van der Walt 
[14];
SRWC (%) = [(FM – DM)/(TM – DM)] * 100.
Statistical Analysis
Data were subjected to the variance analyses 
using SPSS 13.0 for Windows (SPSS Inc., 
Chicago, IL, USA) at P<0.05 level. The mean 
values of three of each treatment were compared 
using the least signiﬁcant difference (LSD) test. 
In order to investigate the effects of irrigation 
applications at different levels and leaf glycine 
betaine (GB) treatments, leaf and summer shoot 
characteristics such as fresh weight, turgid weight, 
dry weight and relative water content were 
determined.
Changes in Leaf Mass and Leaf Relative 
Water Content (LRWC)
The highest leaf fresh weight was obtained 
from FI application while, on the other hand, the 
lowest value was recorded from DI. Leaf fresh 
weight of vines subjected to DI was 31.8% lower 
than those of FI vines. GB treatments, regardless 
of the concentration, slightly increased the fresh 
weight of the leaves (22.2% lower than FI). 
Investigations on leaf turgid weight and dry 
weight were also similar to those of fresh weight in 
that the highest and the lowest values were 
determined in FI and DI applications, respectively. 
As known, vine water status depends on many 
factors such as soil texture, percentage of stones, 
rooting depth, rainfall, evapotranspiration, and 
leaf area (16, 19). In the present study water deﬁcit 
impaired the leaf weight and relative water content 
features of 'Alphonse Lavalléeʼ grapevine. GB 
treatment had no remarkable alleviating effect on 
leaf water statute.
RESULTS AND DISCUSSION
Table 1. Differences in leaf characteristics in response to water applications and glycine betaine 
treatments.
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Figure 1. Differences in leaf relative water content (LRWC, %) as affected by irrigation level (FI: full 
irrigation, DI: deﬁcit irrigation) and GB treatments (5000 and 10000 ppm). Values of bars 
indicated by different letters identify signiﬁcantly different groups (P<0.05, LSD).
Table 2. Differences in summer shoot hardiness features in response to water applications and 
glycine betaine treatments.
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Considering the ﬁndings on the leaf features of 
the present study, it is evident that the water statute 
of mature leaves is a sensitive indicator for 
grapevine response to water deﬁcit as stated by 
Sabir [20]. However, a lower relative water 
content of the leaf does not necessarily indicate 
that the physiological capacity of the vine is low. 
As stated by Dry and Loveys [21] the capacity of a 
vine may be closely related to the total grape yield 
rather than to the activity rate such as total 
vegetative growth. Also, grapevines, like many 
other plants, have developed long- and short-term 
acclimation strategies to cope with water stress, 
such as modifying the leaf anatomy [19]. Studying 
on the effect of different levels of salinity on 
seedless grape cultivars 'Askari' and 'Yaghuti', 
Alirezanezhad et al. [22] found that leaf LRWC 
decreased with increasing salinity in both 
cultivars, in different magnitudes depending on 
acclimation strategy aptitude of the studied 
cultivars. 
LRWC response of grapevines to various 
treatments has been depicted in Fig 1. Analysis of 
variance showed that LRWC of the grapevines 
received FI application was signiﬁcantly higher 
than all the other treatments. GB treatments in both 
concentrations had no signiﬁcant effect on RLWC, 
because they were in the same statistical group 
with DI application. Ability to maintain a high 
LRWC at a low water availability may display 
greater strength of the cell wall and its capability to 
withstand against the water loss [23].
Changes in Summer Shoot Quality Features 
Relative Water ontent (CRWC)
Certain shoot parameters regarding to cane 
quality have been shown in Table 2. Summer shoot 
diameter and pith diameter presented slight non-
signiﬁcant variation among the treatments.
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Figure 2. Differences in summer shoot relative water content (LRWC, %) as affected by irrigation 
level (FI: full irrigation, DI: deﬁcit irrigation) and GB treatments (5000 and 10000 ppm). 
Values of bars indicated by different letters identify signiﬁcantly different groups 
(P<0.05, LSD).
Nonetheless treating the grapevines with DI 
plus 10000 ppm GB resulted in the highest shoot 
and pith diameters. Bu the magnitude of the 
treatments were not as high as those observed for 
leaf investigations. On the other hand, shoot/pith 
value, as a better measurement for evaluating 
shoot hardiness, signiﬁcantly varied according to 
the treatments. The highest shoot/pith value was 
obtained from DI plus 5000 ppm GB treatment 
(2.16) while the lowest value was recorded from FI 
and DI plus 10000 ppm GB (with the same value of 
1.98). Lower pith diameter and higher shoot/pith 
value means higher xylem and phloem tissue ring 
formation in response to 5000 ppm GB. It is well 
known that quality of a shoot is positively 
correlated with the ratio of shoot width/pith [24, 
25]. Studies revealed that pith diameter diminishes 
with the higher carbohydrate accumulation in 
xylem and phloem, and consequently freezing 
tolerance of the cane and bud cells increase [26, 
27]. 
DI slightly but signiﬁcantly reduced the SRWC 
determined as the mean value of basal, middle, and 
upper pieces with a node lengthwise of the 
summer shoots of each plant (Figure 2). 
Considering the mean values the highest SRWC 
was determined in FI vines (67.0%) while the 
lowest value (63.6%) was found in DI. SRWC of 
vines in response to 10000 ppm concentration 
(66.1%) was higher than those of DI.
Correlation between SRWC and LRWC was 
illustrated in Fig 3. The pooled data on the water 
content parameters revealed that there was 
signiﬁcant positive correlation between leaf and 
cane water statutes. Reduction in SRWC in 
response to water deﬁcit was closely associated 
with decrease in LRWC. 
Figure 3. Correlation between summer shoot relative water content and leaf relative water content
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Climate change, resulting higher temperatures 
and more frequent water deﬁcits in agricultural 
areas, is a major challenge for viticulture in the 
coming decades. If the climate change tendency 
proceeds, grape quality and yield will be 
negatively affected in the near future. Hence, 
growers need to implement adaptive strategies to 
ensure production of economically high-quality 
grapes at acceptable yields in a dryer climate. 
Among various options, the use of adapted plant 
materials and plant protectants are better tools, 
b e c a u s e  o f  t h e i r  a d v a n t a g e s  o f  b e i n g 
environmentally friendly and cost effective. 
Certain solutes, referred to osmoprotectants, 
protect cellular components from dehydration 
injury. Glycine betaine, in the present study, 
appeared to exert an inﬂuence on leaf water 
statute, slightly alleviating the leaf water loss 
resulting from water shortage. Glycine betaine 
treatments, regardless of the concentration, 
increased the fresh and dry weights of the leaves of 
grapevines subjected to deﬁcit irrigation. 
Therefore, glycine betaine pulverization might be 
one of environmentally friendly cultural strategy 
to alleviate negative effects of drought in 
viticulture.
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